Abstract. The investigation of the recently described generalized transformatioln theory which leads to a non-Hamiltonian description of dynamics is pursued. The concept of generalized unitary transformations of superoperators is introduced and a specific class of transformations studied. For nondissipative systems it is equivalent to the usual unitary transformations that diagonalize the Hamiltonian.-The important point is that this class of transformations remains meaningful for dissipative systems, hence a new representation of dynamics that we shall call the "physical particle" representation. It has the following properties: (a) The energy (or an arbitrary function of the energy) is represented by a diagonal matrix. (b) In the (0)fl space (see these PROCEEDINGS, 65, 789 (1970)) corresponding to the coherent processes, the evolution can be described in terms of the changes in population of the physical particles. (c) At thermodynamic equilibrium, the physical particles are uncorrelated and behave as independent entities; the entropy has a purely combinatorial meaning.
1. Introduction. In a recent paper published in these PROCEEDINGS1 (hereafter designated as I; see also ref. 2) , the functional space associated with the evolution of the density matrix was divided into two orthogonal subspaces, (O)fl and (A)11 (see 1.4.5). The analogy with action-angle variables in classical dynamics was stressed. The (0)11 space contains the coherent information included in the statistical mechanical and thermodynamic description of the system, whereas (A)II contains the incoherent part. For example (0)11 includes "natural" correlations which are consequences of the off-diagonal character of the Hamiltonian (formula J.5.3(L)P, = C,(°)po should be compared with 1.3.1 which leads to V, = C/'Ho; the correlations (0) p are related to (0)p0 as the potential energy is related to the diagonal part Ho of the Hamiltonian). (A)11, however, contains all "accidental" correlations introduced by the initial conditions.
When there exists a unitary transformation which leads to a representation in which the Hamiltonian is diagonal, (W)fl contains only diagonal elements of the observables (1.5.1). We wish to extend such transformations to "dissipative" systems (see ref. 1).
In the functional space associated with the evolution of the density matrix, consider the general class of unitary (or rather "star-unitary," see section 2) transformations between superoperators that preserve the symmetry between the evolution of observables and that of the density matrix.
It is well known that the Liouville-von Neumann equation induces a "dynamics of correlations" in which the time variation of each type of correlation is related linearly to all others.3 Our main purpose is to find a unitary transformation (in the extended sense) which will allow these equations to be written in a diagonal form, i.e., a sezarate equation for each type of correlation. For nondissipative systems one must recover the usual unitary transformations of quantum mechanics.
This problem is formulated in section 2. The complete solution will be discussed in a separate paper. The particular solution given here, viz., the restriction to (0)11, is already interesting as it leads to a new representation in quantum mechanics which may appropriately be called the physical particle repre. entation.
Some (3.4) , the identity below (3.11) and (1.3.1), W H = (0)yH = caHo + aD V = a (1 + DC)He = aA-'Ho X-'Ho. (4.1) This last notation was used in our previous paper. As H is in (0)11, (P)H will be diagonal, ((P)H, = 0). As a consequence of (3.11) and similar expressions for the following coefficients. 13 As the creation and destruction operators play an essential role in these formulae, a few comments about their definition are in order; the creation operator e has been defined in (I. to the Rayleigh-Schr6dinger perturbation approach when seeking the energy spectrum.'3 The concepts used in our superoperator language are so different from those used in conventional quantum mechanics that the problem is basically one of transcription. However, the fundamental importance of this formulation is that (4.2) remains meaningful even for dissipative systems, the main difference being that (4.3) must now be taken with the complete expressions (4.5) for C and D.
5. Physical Particle Representation. Is it possible, using (4.2), to calculate the energy spectrum of dissipative systems? A direct proof by comparison is out of the question as no alternative solution exists at present. Nevertheless, a number of arguments in favor of this new quantum rule may be given: (a) (4.2) leads to the usual results for systems which can be diagonalized by the conventional techniques. (b) x-l was originally obtained (up to X4, the furthest order to which calculations were pushed) from physical considerations on the entropy. as for noninteracting systems.
The analogy between these new rules and those of the Bohr-Sommerfeld theory has already been pointed out. Action-angle variables have the merit of completely separating the coherent part (actions) from the incoherent part (angles), whereas in terms of other canonical variables (such as qp), both contributions are mixed. Furthermore the energy spectrum is determined once the coherent part, i.e., (0)11, of the functional space, is isolated.
Applying ( The collision operator p introduces only real, energy conserving collisions.8 6. Concluding Remarks. In this approach the transition to large systems is performed first. This introduces the basic distinction between nondissipative and dissipative systems. This involves more than a simple analytic continuation. New terms must be added to (4.6), because of the new possibilities to create correlations, and it can be shown13 that such terms are indeed necessary to maintain (5.1).
In (0)11, the "natural" correlations appear together with the diagonal elements of the density matrix (or of the observables) in such a way that we may combine them to obtain the physical particle representation. Then, only diagonal elements appear in (0)11 exactly as for non interacting systems (see 1.5.1). Clearly time ordering (hence, causality) will be an important point as one must add to the diagonal elements correlations which exist at the same time and were formed in the past. 15 The p-representation has been applied to some problems in classical and quantum statistical mechanics (imperfect gases16 and plasmas '7"8) . It has proved to be quite convenient to work with a representation in which the particles appear as physical entities conveying their own dressing and yet evolving in time according to a kinetic equation.
This method appears to be a natural generalization of the classic Boltzmann approach to interacting systems. So far no other transformation has been found that will satisfy the various conditions, and it can even be shown to be unique up to X4. 10 It is worth noticing how different even equilibrium problems can look in the p-representation and in the usual Gibbs formulation of equilibrium statistical mechanics. As the physical particles are uncorrelated, the combinatorial problem is trivial; it is the construction of (V)H which is difficult. [16] [17] [18] Furthermore the conflict which arises in the Hamiltonian formulation between physical entities (in terms of which the Hamiltonian would be diagonal) and irreversible time evolution is avoided. In our non-Hamiltonian representation, physical particles carry the energy of the system but nevertheless collide and may have finite life times. The permanence of these entities is no longer a prerequisite condition for a consistent dynamical description.
